A total of 130 silages samples (53 of maize silages and 77 of grass silages ), which were ensiled with or without silage additives, with different soil contamination levels, with different weed percentages and with or without wilting, were used to evaluate the dry matter (DM) and crude protein (CP) ruminal degradability. The ruminal degradability of the samples was calculated from the corresponding in situ degradation parameters and from the measured passage rates of the silages fed to each experimental animal. The DM and CP degradation parameters were obtained using the logistic model of Van Milgen and Baumont. The fitting of the models to the kinetics of degradation and particle passage was carried out by non-linear regression. The value of the effective degradability, considering in the rumen simultaneously an outflow compartment and a mixing-reduction compartment, were calculated in both cases from an adaptation of the general procedure proposed by Ørskov and McDonald. A NIRSystems 6500 spectrometer was used for the prediction of the DM and the CP degradation characteristics of the samples. Calibration equations were obtained by modified partial least squares regression, using reflectance spectra transformed into the second derivative. The results showed that near infrared spectroscopy is a good method for predicting the DM and CP degradation characteristics. The calibrations for effective degradability of maize and grass silages indicated a high consistency.
Introduction
The new rationing systems for ruminants [1] [2] [3] [4] require knowledge of the crude protein (CP) rumen degradability values. The availability of in vivo and in sacco degradability values are limited because those methods require work with fistulated animals and are rather complicated, labour intensive and expensive. That is to say, the dynamics and logistics of the methodology result in considerable work, due to limitations on the amount of samples, number of bags that can be placed in an animal and different time intervals to perform kinetic studies. 5 Therefore, a simpler method is necessary to estimate the degradation characteristics of the feeds.
Near infrared (NIR) reflectance spectroscopy is a widely used and successful tool in animal nutrition which has been in use since the seventies and it might be expected that NIR reflectance spectroscopy could be used for the prediction of dry matter (DM) and crude protein (CP) degradation characteristics of forages. 6, 7 Each feed sample has a particular degradability value which is required to be known for ration evaluation and so farm advisory organisations need accurate feed evaluation methods, which must be rapid and cheap to operate. Such methods must also be robust and potentially applicable to all samples. If NIR reflectance spectroscopy could be used to determine the DM and CP degradation characteristics of forages, considerable time and effort could be saved.
The objective of this work was to study the potential of NIR reflectance spectroscopy to determine the DM and CP degradation characteristics of silages.
Materials and methods

Population definition
A total of 130 silages samples (53 of maize silages and 77 of grass silages) were evaluated using the in situ method. Both, maize and grass silages, were ensiled with or without silage additives, with different soil contamination levels, with different weed percentages and with or without wilting (Figures 1 and 2) .
The ruminal degradability of the samples was calculated from the corresponding in situ degradation parameters and from the passage rates of the silage fed to each experimental animal. Afterwards a mean value was calculated for each sample.
Degradation
The in situ degradation was obtained with two groups of three rams of 65 kg mean live weight (LW) of the manchega sheep breed, which were fistulated in the rumen and in the proximal duodenum. The first group was used for the samples of grass silages, while the second group was used for the samples of maize silages. The animals were fed at a level of 40 g of DM kg -1 LW -0.75 with mixed rations of silage and concentrate, in a proportion 2 : 1 on DM basis, distributed in two equal daily feedings at 9.00 h and 17.00 h. Ration silages were of grass and maize for the first and second group of animals, respectively.
The samples had been previously freeze-dried and milled through a 2 mm exit sieve. These were incubated in duplicate in nylon bags, in two series, which included periods of 0, 3, 6, 12, 24, 48 and 72 h and an additional period of 96 h for the maize silage samples. The method of Michalet-Doreau et al. 8 was followed for the incubations and the subsequent processing of the bags to obtain the in situ degradadation parameters of DM and CP. The disappearance of DM and CP were expressed as the percentage of the respective initial content in the sample. The logistic model used by Van Milgen and Baumont 9 was fitted to these degradation results. The mathematical expression of this model is:
where D t = in situ degradation at time t, a = soluble fraction at time 0, b = degradable fraction at time 0, c 0 = initial fractional rate of degradation of b, c = final fractional rate of degradation of b.
Particle passage
In order to estimate the effective degradability, two rumen rates corresponding to the diet silage were determined: the outflow rate of small particles and the rate for mixing and reduction from large to small particles. These rates were obtained from the evolution of the Ytterbium concentration of the digesta in the duodenum, after the lambs had ingested, half an hour before the morning meal and in a simple dose, 40 g of DM of silage labelled with Yt-terbium according to the method of Ellis and Beever. 10 Nineteen samples of duodenal digesta were taken, approximately of 80 mL, the first just before and the others during the 96 h subsequent to the ingestion of the labelled silage. These samples were immediately frozen at -20°C for subsequent analysis. The Ytterbium was quantified by atomic absorption spectrophotometry.
The model of Grovum and Williams 11 was fitted to the evolution of the Ytterbium concentration. The smallest rate was assigned to the outflow of small particles from the rumen, because this compartment has the slowest rate, while the greatest rate was associated with the mixing-reduction compartment.
Model fitting and degradability
The fitting of the models to the kinetics of degradation and particle passage was carried out by nonlinear regression with the NLIN procedure of the SAS statistical package. 12 The ruminal degradability of the samples was calculated from the corresponding in situ degradation parameters and from the passage rates of the silage fed to each experimental animal. Afterwards a mean value was obtained for each sample.
The values for the effective degradability (ED), considering in the rumen simultaneously an outflow compartment and a mixing-reduction compartment, were calculated from an adaptation of the general procedure proposed by Ørskov and McDonald, 13 with the expression:
where D t and f t are, respectively, the in situ degradation and the calculated fraction of remaining labelled particles in the rumen, which was calculated considering not only the fractional outflow rate but also the rate of mixing and reduction of particles. The values were calculated, through numerical integration.
Chemical analyses
Chemical analyses for DM, CP 14 and acid detergent insoluble nitrogen 15 (ADIN) on unincubated silages samples, were conducted in duplicate on the freeze-dried subsamples (thus avoiding Maillard reactions) and milled to 0.75 mm.
NIR scanning and calibration procedures
For the NIR measurements, the freeze-dried and ground samples were scanned, using a NIRSystems 6500 scanning monochromator (NIRSystems, Inc., Silver Spring, MD, USA) over a wavelength range from 400 to 2500 nm. Spectra were collected as log 1/R. Population boundaries were established with a maximum standardised H distance from the average spectrum of 3.0. 16 Two of the samples were identified from NIR reflectance spectroscopy spectra as outliers: a grass silage of natural pasture with 580 g kg -1 DM and another grass silage of sown pasture with 25% of weeds. These outliers were discarded. Calibration equations were obtained by ISI sofware (Infrasoft International, Port Matilda, PA, USA), using a full wavelength range every 8th wavelength using modified partial least squares as the regression method. Several methods for scatter correction such as detrend, standard normal variate, multiple scatter correction and combination of detrend and standard normal variate and different mathematical treatment (first and second derivative), different segment length over which the derivative was taken and different length of the smoothing segments were used. 17, 18 Cross validation, to minimise overfitting of the equation, was used to test the calibration equations. Each equation selected was evaluated according to the lowest standard errors [standard error of calibration (SEC) and standard error of cross validation (SECV), respectively] and the highest coefficients of determination (R 2 and CVr 2 ).
Results and discussion
The range and standard deviation (SD) of the samples utilised and the best statistical parameters for the CP and DM degradation characteristics and ADIN for the calibration equations obtained are summarised in Table 1 , Table 2 and Table 3 . Calibration equations were obtained by modified partial least squares regression, using second derivative.
In order to decide if a calibration equation is acceptable for predicting, the ratio of the standard deviation of the reference data to SECV and the ratio of the reference data range to SECV were calculated. Values for the ratio SD/SECV should be ideally at least three, although 2.5 is acceptable, and for the ratio Range/SECV at least ten. 19 Principal wavelengths were highlighted using stepwise regression. In the case of a and b for CP fractions, the segment with higher F statistic was 2060 nm (F = 231 for a and F = 247 for b fractions), respectively. This region might be related mainly to absorption of protein. For a and b DM fractions the wavelength segments more important as explanatory variables were 2268 and 2284 nm (F = 115 for a and F = 141 for b fractions), respectively. The 2268 nm region may respond to -OH stretch -OH deformation combination band structure, related to absorption of starch, probably related to rumen degradable starch for maize silages. This band, 2268 nm, might be also related with the rupture of protein hydrogen bridges, this is to say with the soluble protein fraction. And the longest wavelength feature (2284 nm) may originate in a -CH stretch -CH deformation combination band structure, possible from carbohydrate material. 20 For most properties measured, accuracy of NIR reflectance spectroscopy calibrations was either high or promising, although it is heavily dependent on the accuracy of the reference data. The only exception were the prediction of the degradation frac-tional rates (c 0 , c). In general, the results obtained are similar to those reported by Waters and Givens 6 and Todorov et al. 21 The relationship between the NIR data and the degradation characteristics was weaker for CP than DM, according to Todorov et al. 21 and Atanassova et al., 7 except for the sum of the a and b fractions (a + b). CP degradability values could be less accu-rate because no account was taken of possible microbial contamination of the bag residues. The nitrogen content of maize silages is lower than grass silages, for this reason the effect of microbial contamination will be larger, however, the effect of microbial contamination in this study was diluted by the wide internal variation of values the degradation parameters.
Parameters
Range In another hand, it is also necessary to know the ADIN value to enable animal production professionals to formulate rations, because the proportion of N which is insoluble in acid detergent is closely and inversely related with the true absorption of N from the undegradable N fraction (UDN) of feeds. 22 The calibration equation selected for ADIN has good accuracy.
It may be expected that with a separate calibration for each type of silage and different effects considered, better results might be obtained. However, separate calibration showed poor results.
Finally, the SD/SECV values for a and b fractions for CP are rather low to use the calibration equations routinely with sufficient accuracy, however, it is possible to contrast the ED calculated from the predicted values for a, b, c 0 and c with the directly predicted ED values. In addition, ADIN could be successfully estimated by NIR reflectance spectroscopy to apply in rationing systems.
In conclusion, with suitable calibrations for NIR reflectance spectroscopy, the intensive labour required to obtain the degradation characteristics for a given silage sample could be reduced without losing accuracy.
